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ABSTRACT: Perophoramidine and communesin F are structurally related indole alkaloids with an intriguing polycyclic core
containing vicinal all-carbon quaternary stereocenters. Dehaloperophoramidine is a dehalogenated synthetic analogue of
perophoramidine. Synthetic studies toward the total synthesis of dehaloperophoramidine have led to the discovery of two novel
domino processes, the first encompassing four steps and resulting in the formation of an ortho-amide. A thorough study of the
reactivity of the ortho-amide functionality revealed the second domino reaction and ultimately yielded the target molecule. The
vicinal all-carbon quaternary stereocenters having trans relative stereochemistry are constructed early in the reaction sequence by
employing Overman’s samarium mediated reductive dialkylation procedure. Described are the synthetic studies that led to the
final eight-step synthesis of dehaloperophoramidine.

■ INTRODUCTION
Perophoramidine (2) exists naturally in marine ascidian
Perophora namei and was demonstrated to be active against
the HCT116 colon carcinoma cell line with an IC50 of 60 μm
(Figure 1).1 The unique polycyclic core of this alkaloid is

structurally related to the communesin series, e.g. communesin
F (3) found in Entermorpha intestinalis, which have been shown
to display moderate insecticidal activity against instar silkworms
larvae.2 Although perophoramidine (2) and the communesin
alkaloids share similar carbon skeletal connectivity, the
hexacyclic core of compound 2 contains halogenated aromatic
rings, bis-amidine functionalities, and vicinal quaternary
stereocenters having trans relative stereochemistry (indicated
with stars). The communesin alkaloids, in turn, feature a bis-
aminal motif and cis relative stereochemistry of the quaternary
stereocenters. These structural challenges need to be addressed
when pursuing a total synthesis of these molecules.3 Not
surprisingly, the intriguing architecture of these indoline
alkaloids have aroused much interest in the synthetic
community, which have resulted in a number of elegant
syntheses.4

It was originally suggested that perophoramidine (2) is
biosynthetically derived from an oxidative dimerization of two
tryptamine units while 3 is formed from tryptamine and
aurantioclavine,5 and this notion was later confirmed by the
characterization of the responsible biosynthetic gene cluster.6

Dehaloperophoramidine (1) is the dehalogenated synthetic
analogue of 2 and was first reported in the original isolation
paper.1 In 2006, Rainier and co-workers utilized a thioindole
spirocyclization methodology to efficiently form the A/C/D/
E/F ring system of 1 together with one of the quaternary
stereocenters, ultimately resulting in the total synthesis of the
target compound in 18 steps.7 Subsequently, Takemoto and co-
workers reported an efficient dearomatizing conjugate
addition−allylation strategy that installed the vic-quaternary
stereocenters in a single operation and furnished 1 in 17 steps.8

Most recently, Westwood and co-workers employed [3,3]-
Claisen rearrangement and a subsequent epoxide opening/
Sakurai allylation to install the vic-quaternary stereocenters and
completed the total synthesis of 1 in 23 steps.9 Herein, we
report the evolution of our eight-step synthesis of dehalopero-
phoramidine (1).10

■ RESULTS AND DISCUSSION

Since it has been suggested that perophoramidine (2) is
biosynthetically derived by merging two identical precursors,
this implies that some latent symmetry should be embedded in
this structure as well as in dehaloperophoramidine (1).11

Indeed, disconnecting four C−N bonds in 1 reveals the σ-
symmetric structure A, or its obvious equivalent bis(oxindole)
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Figure 1. Structurally related indole alkaloids dehaloperophoramidine
(1), perophoramidine (2), and communesin F (3).
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B, which appeared to be an excellent foundation for our
continued analysis (Scheme 1).

Furthermore, our analysis was also dictated by the ambition
to install all skeletal carbon atoms present in 1, including the
vicinal all-carbon stereocenters, and the required functional
groups, in their correct oxidation state, early in the reaction
sequence. Although perhaps counterintuitive, since such a
strategy will result in a linear reaction sequence that sometimes
is considered less efficient compared to convergent alter-
natives,12 the intention was to allow for intramolecular
proximity effects, which can facilitate novel domino reactions
and increase the overall efficiency of the synthesis.13 With this
in mind, disconnection of the A and D ring amidines in 1
revealed compound 5, which we envisioned to be derived from
6, the synthetic equivalent of B, by a kinetically controlled
differentiation of the aminoethyl moieties (Scheme 2).
Compound 6 should be accessible from the commercially
available isoindigo (8). The conversion of bis-amine 6 into
lactam 5 might initiate a series of subsequent reactions, and at
the beginning of this investigation it was not clear if this would
provide an opportunity for uncovering a useful domino reaction
or be problematic. In any case, we envisioned several
possibilities for the conversion of 5 into the target molecule
1 and decided that the final decision would have to wait until 5
was secured.
Our synthesis commenced with the introduction of the

vicinal quaternary stereocenters by subjecting 8 to Overman’s
SmI2-mediated reductive dialkylation with cis-1,4-dichloro-2-

butene to afford 7 as a single diastereomer and in high yield
(Scheme 3).14 It turned out, however, that this reaction was
capricious with isolated yields of 7 varying from 10% to, at best,
68%, and this was eventually ascribed to the quality of the SmI2
reagent. When using a freshly prepared and titrated reagent the
dialkylation was reproducible and consistently gave a 68% yield
of compound 7.15 When compound 8 is subjected to SmI2 at rt,
the corresponding dienolate is formed in less than 30 min,
which is evident by isolation of dihydroisoindigo (98%) after
hydrolytic workup. When instead cis-1,4-dichloro-2-butene was
added after 30 min the formation of adduct 7 was observed
together with isoindigo (8). It is believed that regeneration of 8
under the reaction conditions is a result of initial mono-
alkylation of the dienolate followed by a competing E1cB
reaction, instead of the desired alkylation to form 7.14 The
reaction temperature affected the reaction outcome, and the
optimal results were obtained at 0 °C; at higher reaction
temperatures the 7/8 ratio decreased while performing the
reaction below 0 °C did not improve the situation.
Initially, compound 7 was desymmetrized by formation of

the corresponding N-Ts imide. The yield for this step was,
however, far from optimal with only 42% (72% brsm) of the
desired product being isolated, the low yield being a
consequence of considerable amounts of the corresponding
bis N-Ts product being formed. The efficiency of the
desymmetrization could be improved to 75% by instead
forming the monoimidate using Meerwein’s reagent and a
catalytic amount of TFA.16 It is believed that the improved
selectivity of the monoalkylation is ascribed to the slow
conformational equilibria of the cyclohexene moiety in 7, which
is evident from the broad peaks in its 1H NMR spectrum.
Alkylation of the equatorial carboxamide moiety is believed to
be more favored than alkylation of the axial one for steric
reasons. Thus, once the first imidate is formed, the second
alkylation must take place on an axial carboxamide group,
which is less favorable, resulting in a selective monoalkylation.
Since the N-substitiuents in 7 are projected away from the
cyclohexene ring, the formation of the N-Ts imide or bis imide
is not expected to experience much steric differentiation. With
the monoimidate 9 in hand, subsequent tosylation provided
compound 10. A one-pot ozonolysis/reduction of this material
was followed by a Mitsunobu reaction17 with HN3 to furnish
bis(azide) 12, which set the stage for the subsequent
differentiation of the aminoethyl side-chains. In the event,
hydrogenation of compound 12 initiated a domino process that
resulted in the formation of the hexacyclic ortho-amide 13, the

Scheme 1. Latent Symmetry of 1 Is Revealed When All
Carbon−Nitrogen Bonds Are Disconnecteda

aBisoxindole B is the synthetic equivalent to the σ-symmetric structure
A.

Scheme 2. Retrosynthetic Analysis of 1
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structure of which was confirmed by X-ray crystallography.
Although the formation of ortho-amide 13 was unexpected, it
secured our original goal of differentiating the aminoethyl side-
chains with concomitant formation of the B and D rings. This
domino process is believed to involve initial reduction of
diazide 12 to furnish diamine 6 followed by a kinetically
controlled ring closure to furnish compound C in which the B
ring lactam has been installed (Scheme 4).18 Subsequent
addition of the remaining aminoethyl side chain to the imidate
moiety yields amidine C, which is then trapped by the
proximate sulfonamide to form the D ring, resulting in ortho-
amide 13.
At this point, our plan was to selectively disconnect the

aliphatic amine in ortho-amide 13 with concomitant formation
of the D/E amidine functionality or, alternatively, the
corresponding aminal. Initial attempts to reduce compound
13 to the corresponding aminal using a variety of reaction
conditions (NaBH4, NaBH3CN, and DIBALH) only returned
the starting material with the ortho-amide moiety unaffected.
Eventually, it was found that subjecting compound 13 to
benzaldehyde and sodium borohydride in trifluoroethanol
furnished amidine 15 in good yield (Scheme 5).19 It is believed
that this transformation proceeds by initial reductive amination
of the aliphatic amine moiety in 13 followed by an additional
reductive alkylation of this position to give the corresponding
amidine. Finally, the so formed N-Ts amidine participates in a
1,3-sulfur shift to furnish the D/E amidine system 15.20 This
notion is supported by the isolation of the N-alkylated amidine

14 in the reaction of 13 with benzaldehyde and its subsequent
conversion into amidine 15.
At this stage, a route from lactam 15 to dehalopero-

phoramidine (1) involving imidate formation of the B ring
lactam, removal of the benzyl protecting groups followed by
cyclization of the A ring, and detosylation to give N-demethyl
dehaloperophoramdinine (4) appeared obvious. The regiose-
lective N-methylation of 4, or its protected precursor, to afford
1 was, however, of considerable concern since previous studies
have indicated that the regioselectivity in such a transformation
can be rather poor.4a In the event, compound 15 was treated
with Meerwein’s salt in the presence of catalytic amounts of
TFA to furnish imidate 16 in good yield (Scheme 6).16

Removal of the N-Ts group, using SmI2 and pyrrolidine in
THF/H2O,

21 provided compound 17 in excellent yield.
However, deprotection of the benzyl groups through hydro-
genation proved to be problematic. Attempts using various
catalysts (Pd/C, Pd(OH)2/C) in different solvent mixtures as
well as performing the reaction at different pressures gave none

Scheme 3. Synthesis of ortho-Amide 13 from Commercially Available Isoindigo 8

Scheme 4. Tentative Mechanism of the Domino Reaction Leading to ortho-Amide 13

Scheme 5. Reductive Alkylation of ortho-Amide 13
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of the expected 18 and only resulted in isolation of the starting
material together with the monodebenzylated product.
In a parallel line of this investigation it was found that

performing the reductive amination/ring opening on ortho-
amide 13 under prolonged reaction times afforded the
detosylated D/E amidine 19 (Scheme 7). After considerable
experimentation it was also shown that subjecting ortho-amide
13 to reductive amination under acidic conditions (PhCHO,
NaBH(OAc)3, AcOH, CF3CH2OH) resulted in the formation
of N-Bn-bis(amidine) 20 as a single regioisomer, the structure
of which was confirmed by X-ray crystallographic analysis.
Compound 20 contains the hexacyclic structure of dehalopero-
phoramidine (1), the difference being that the B ring is N-
benzylated instead of N-methylated as in the target compound.
In this domino process the ortho-amide 13 is converted into

the D/E amidine, the A ring is formed with subsequent
formation of the A/B amidine, the A ring is N-benzylated, and
the N-Ts group participates in a 1,3-sulfur shift which is then
followed by hydrolysis of the sulfonamide.
The conversion of ortho-amide 13 into the N-benzylated

derivative 20 increases the overall efficiency of the synthesis
and obviates our initial concern about the late stage
regiselective alkylation of the A/B amidine. It is believed that
the domino process (Scheme 8) commences with the

protonation of ortho-amide 13, which enables elimination of
the aliphatic amine moiety to afford protonated lactam F. The
primary amino-ethyl side chain then participates in a
cyclization, to install the A ring, followed by a reductive
amination, affording intermediate H. The regioselectivity in the
reductive amination, occurring preferentially on the B ring, is
ascribed to the faster rate of formation of an iminium ion from
pyrrolidine than from piperidine.22 Subsequent dehydration of
H under the acidic reaction conditions furnished intermediate I.
Finally, hydrolysis of this species gave 20. It was possible to
isolate intermediate H, in which the 1,3-sulfur shift has already
occurred, and subjecting it to acidic reaction conditions
(AcOH, CF3CH2OH) resulted in clean conversion into I.
Additional support for this mechanistic proposal was obtained
by subjecting ortho-amide 13 to identical reaction conditions,
resulting in complete recovery of the starting material and
indicating that the reductive amination takes place before the
formation of the A/B amidine moiety.
Next this domino transformation was applied for the

synthesis of dehaloperophoramidine (1). Subjecting ortho-
amide 13 (1.00 g scale) to paraformaldehyde under identical
reaction conditions afforded 1 in 52% yield (0.350 g, Scheme
9) and completed our eight-step synthesis of the target
molecule starting from isoindigo (8) in 23% overall yield.

Scheme 6. Initial Attempts To Form the A/B Amidine

Scheme 7. Selective Conversion of ortho-Amide 13 into Amidine 19 or the Hexacyclic Structure 20

Scheme 8. Proposed Mechanism of the Domino Transformation of 13 into 20
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■ CONCLUSIONS
We have developed a concise and efficient total synthesis of
dehaloperophoramidine (1) in 23% overall yield over eight
steps. In an effort to increase the synthesis efficiency, at the
design stage it had already been decided that all skeletal carbon
atoms should be introduced early in the synthesis, and the same
argument was applied for having all functional groups in the
correct oxidation state already from the start. In the course of
the work, two new domino reactions were encountered that
significantly improved the overall synthesis efficiency. The
possibility of the first domino process, 12 → 13, was realized
already at the planning stage of the synthesis, while the
discovery of the second, 13 → 1, was unexpected and the result
of a thorough examination of the reactivity embedded in ortho-
amide 13. It is believed that the thermodynamic preferences for
the hexacyclic ring system present in 1 are the premise for the
successful implementation of our synthesis.5 Consistent with
this reasoning, when similar chemistry was applied to the
diastereomer of 7, the diastereomer of 1 was not obtained but
rather structures related to the chimonanthine ring system.23

■ EXPERIMENTAL SECTION
Experimental procedures and characterization data for the preparations
of compounds 7, 10−13, H, I, 15, 20, and 1 have been reported
previously.9

General. Unless otherwise stated, all reactions were performed
under an inert atmosphere. Analytical thin-layer chromatography was
performed with Merc Silica gel 60. Flash silica gel column
chromatography was performed with Acros silica gel 40−60. High
resolution mass spectra (HRMS) were recorded on Waters XEVO-G2
QTOF with electrospray ionization (ESI).
General Procedure for the TFA-Mediated Amide Alkylation. To a

solution of amide (1 equiv) and TFA (10 mol %) in DCM (0.04 M)
was slowly added Et3O·BF4 (1.2 equiv) at 0 °C. The reaction was
allowed to slowly warm to rt and stirred at that temperature, and the
reaction was monitored by TLC analysis. The reaction was quenched
with H2O and extracted with DCM (3×). The combined organic
phases were washed with brine and dried (MgSO4). Concentration
under reduced pressure afforded the crude alkyl imidate, which was
purified by column chromatography on silica.
(2′R*,3S*)-2-Ethoxydispiro[indole-3,1′-cyclohexane-2′,3″-indo-

lin]-4′-en-2″-one (9). The imidate formation was carried out
according to the general procedure with 7 (980 mg, 3.1 mmol) and
TFA (24 μL, 0.31 mmol), Et3O·BF4 (730 mg, 3.72 mmol) in DCM
(30 mL). The crude material was purified (n-heptane/EtOAc (1:2))
and gave 9 (805 mg, 2.34 mmol, 75%) as a white amorphous solid.
Compound 9 exists as rotamers in CDCl3 as seen by 1H and 13C
NMR. 1H NMR (400 MHz, CDCl3) δ 7.90 (s, 1H), 7.57 (s, 2H),
7.45−7.31 (m, 1H), 7.30−7.00 (m, 6H), 6.77 (s, 2H), 6.72−6.47 (m,
1H), 6.32−5.83 (m, 2H), 5.65 (s, 2H), 4.87−4.39 (m, 2H), 4.38−4.12
(m, 2H), 3.64−3.15 (m, 1H), 2.99−2.78 (m, 1H), 2.19−1.89 (m, 1H),
1.69 (s, 3H), 1.50 (s, 2H), 1.19 (s, 3H). 13C NMR (101 MHz, C6D6) δ
182.0, 181.3, 178.6, 170.0, 153.8, 153.5, 142.1, 141.4, 139.4, 137.1,
133.0, 130.2, 126.0, 125.6, 124.7, 123.7, 123.6, 123.3, 122.4, 121.8,
121.5, 118.7, 118.4, 110.0, 109.3, 98.2, 67.2, 66.9, 66.6, 65.5, 65.3, 60.7,
59.8, 58.2, 53.9, 52.8, 50.8, 48.4, 33.3, 32.7, 31.5, 31.4, 30.8, 29.1, 27.0,

23.8, 23.5, 21.5, 20.2, 14.1, 13.9, 13.7. HRMS (ESI/TOF-Q) m/z: [M
+ H]+ calcd for C22H20N2O2 345.1603; found 345.1605.

(3R*,5a′R*,10b′S*)-14′-Benzyl-5′-tosyl-5′H,6′H-spiro[pyrrolidine-
3,11′-[5a,10b](epiminoethano)indolo[2,3-b]quinolin]-2-one (14).
To a mixture of 13 (100 mg, 0.20 mmol) and K2CO3 (21 mg, 0.15
mmol) in CF3CH2OH (4 mL) was added benzaldehyde (21 μL ml,
0.20 mmol) in five portions, with each portion followed by a
corresponding NaBH4 (8 mg, 0.20 mmol). The mixture was heated to
reflux for 8 h and then concentrated in vacuo. The resulting solid was
dissolved in DCM (5 mL), washed with H2O (3 mL) and brine (3
mL), dried (MgSO4), and concentrated under reduced pressure. The
residue was purified by coloumn chromatography Et2O/Heptane/
iPrNH2 (75:20:5), to give 14 as a white amorphous solid (12 mg,
10%): Rf = 0.30 (EtOAc/n-Heptane 1:2); 1H NMR (400 MHz,
CDCl3) δ 8.10 (dd, J = 8.2, 1.1 Hz, 1H), 7.59 (d, J = 8.4 Hz, 2H),
7.46−7.40 (m, 1H), 7.33−7.29 (m, 1H), 7.28−7.19 (m, 5H), 7.19−
7.09 (m, 3H), 7.07 (d, J = 7.1, 1.0 Hz, 1H), 6.79−6.66 (m, 2H), 6.20
(s, 1H), 5.90 (s, 1H), 4.82 (d, J = 13.6 Hz, 1H), 3.75 (d, J = 13.6 Hz,
1H), 2.64−2.53 (m, 1H), 2.52−2.43 (m, 1H), 2.30 (s, 3H), 2.28−2.16
(m, 2H), 2.10−2.03 (m, 1H), 1.99−1.90 (m, 1H), 1.57−1.48 (m, 1H),
0.89−0.78 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 176.4, 143.1,
139.2, 137.9, 136.4, 135.5, 129.5, 129.0, 128.9, 128.8, 128.1, 128.1,
127.8, 127.6, 126.6, 126.3, 126.2, 123.6, 119.0, 107.5, 104.6, 69.4, 52.1,
49.5, 48.4, 38.2, 33.3, 30.2, 29.62, 21.3. HRMS (ESI/TOF-Q) m/z: [M
+ H]+ calcd for C34H32N4O3S 577.2273; found 577.2273.

N,N-Dibenzyl-2-((10bS*,11R*)-2′-ethoxy-6-tosyl-4′,5′-dihydro-
spiro[indolo[2,3-b]quinoline-11,3′-pyrrole]-10b(6H)-yl)ethan-1-
amine (16). The imidate formation was carried out according to the
general procedure with 15 (50 mg, 0.08 mmol) and TFA (0.6 μL,
0.008 mmol), Et3O·BF4 (17 mg, 0.09 mmol) in DCM (3 mL). The
crude material was purified (isopropylamine/n-heptane/EtOAc
(5:20:75)) and gave 16 (49 mg, 0.07 mmol, 94%) as a white
amorphous solid: Rf = 0.52 (Et2O/n-Heptane/iPrNH2 75:20:5); 1H
NMR (400 MHz, CDCl3) δ 7.92 (dd, J = 8.2, 1.3 Hz, 1H), 7.77 (d, J =
8.4 Hz, 2H), 7.43−7.34 (m, 2H), 7.32−7.26 (m, 1H), 7.25−7.11 (m,
10H), 7.08−7.00 (m, 4H), 7.01−6.92 (m, 2H), 6.86 (d, J = 7.4 Hz,
1H), 4.49−4.33 (m, 2H), 3.29 (d, J = 13.6 Hz, 2H), 3.21 (d, J = 13.6
Hz, 2H), 3.11 (ddd, J = 13.9, 8.4, 5.3 Hz, 1H), 2.66 (ddd, J = 13.8, 8.4,
5.1 Hz, 1H), 2.32 (s, 3H), 2.20−2.05 (m, 2H), 1.70−1.61 (m, 2H),
1.45 (t, J = 7.1 Hz, 3H), 1.04 (ddd, J = 13.3, 8.4, 5.1 Hz, 2H), 0.52
(ddd, J = 13.4, 8.4, 5.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ
169.8, 168.7, 155.0, 145.1, 139.2, 135.2, 135.0, 135.0, 131.8, 129.8,
128.9, 128.7, 128.2, 127.8, 127.1, 126.8, 126.3, 125.9, 124.7, 121.5,
119.4, 64.8, 60.9, 58.2, 56.4, 51.3, 48.2, 35.1, 29.0, 21.8, 14.8. HRMS
(ESI/TOF-Q) m/z: [M + H]+ calcd for C43H42N4O3S 695.3056;
found 695.3060.

N,N-Dibenzyl-2-((10bS*,11R*)-2′-ethoxy-4′,5′-dihydrospiro-
[indolo[2,3-b]quinoline-11,3′-pyrrole]-10b(6H)-yl)ethan-1-amine
(17). To a solution of 16 (20 mg, 0.029 mmol) in THF were added
H2O (15 μL, 0.86 mmol) and pyrrolidine (48 μL, 0.058 mmol). A
solution of SmI2 in THF (3.6 mL, 0.08 M, 0.29 mmol) was added with
a syringe pump (2 mL/min). The blue color of SmI2 disappeared upon
addition to the reaction mixture. The reaction was stirred for 3 h at rt
and quenched by being poured into Na2S2O4 (sat. aq.) and extracted
with Et2O (3 × 5 mL). The combined organic phases were washed
with H2O (2 × 5 mL) and brine (5 mL) and dried (MgSO4).
Concentration under reduced pressure afforded pure 17 (15 mg, 0.028
mmol <99%): Rf = 0.4 (Et2O/Heptane/iPrNH2 75:20:5);

1H NMR
(500 MHz, CDCl3) δ 7.28−7.18 (m, 3H), 7.18−7.11 (m, 6H), 7.11−
7.05 (m, 4H), 7.04−6.98 (m, 2H), 6.97−6.89 (m, 3H), 4.62−4.29 (m,
2H), 3.46−3.23 (m, 5H), 3.16−2.99 (m, 1H), 2.42−2.08 (m, 3H),
1.90−1.65 (m, 3H), 1.51 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz,
CDCl3) δ 171.9, 170.6, 153.5, 138.9, 138.5, 133.3, 128.7, 128.7, 128.2,
128.0, 128.0, 127.0, 126.6, 126.4, 123.4, 122.7, 122.2, 118.1, 114.9,
64.6, 57.8, 57.4, 54.6, 51.5, 48.2, 36.5, 28.7, 14.8. HRMS (ESI/TOF-
Q) m/z: [M + H]+ calcd for C36H36N4O 541.2967; found 541.2969.

(10bS*,11R*)-10b-(2-(Dibenzylamino)ethyl)-6,10b-dihydrospiro-
[indolo[2,3-b]quinoline-11,3′-pyrrolidin]-2′-one (19). To a mixture
of 13 (390 mg, 0.81 mmol) and K2CO3 (111 mg, 0.57 mmol) in
CF3CH2OH (16 mL) was added benzaldehyde (82 μL, 0.81 mmol) in

Scheme 9. Completion of the Synthesis of
Dehaloperophoramidine 1
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five portions, each portion followed by a corresponding NaBH4 (30
mg, 0.81 mmol). The mixture was heated to reflux for 2 days and then
concentrated in vacuo. The resulting solid was dissolved in DCM (20
mL), washed with H2O (2*5 mL) and brine (5 mL), dried (MgSO4),
and concentrated under reduced pressure. The residue was purified by
coloumn chromatography (Et2O/Heptane/iPrNH2 (75:20:5)), to give
19 as a white amorphous solid (234 mg, 56%): Rf = 0.35 (Et2O/
Heptane/iPrNH2 75:20:5);

1H NMR (400 MHz, CDCl3) δ 7.39−7.34
(m, 1H), 7.26−7.17 (m, 4H), 7.16−7.05 (m, 11H), 7.00−6.87 (m,
3H), 3.35 (d, J = 13.6 Hz, 2H), 3.28 (d, J = 13.6 Hz, 2H), 3.11 (td, J =
8.7, 5.5 Hz, 1H), 2.80 (td, J = 8.7, 5.8 Hz, 1H), 2.73−2.61 (m, 1H),
2.38−2.28 (m, 1H), 2.25−2.13 (m, 1H), 2.05−1.87 (m, 2H), 1.82−
1.72 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 177.3, 171.7, 139.3,
139.3, 133.2, 129.0, 128.9, 128.6, 128.1, 126.7, 126.6, 126.6, 123.9,
122.8, 122.7, 118.5, 115.2, 57.5, 54.7, 52.3, 47.9, 39.2, 33.1, 26.7.
HRMS (ESI/TOF-Q) m/z: [M + H]+ calcd for C36H38N4O 513.1654;
found 513.2650.
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